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Reanalysis training dataset for the North Sea

bathymetry grid resolution

measurement locations
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Time-Series ML model
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Waterlevel=tides+surge+interaction

Doodson
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Waterlevel=tides+surge+interaction
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Tidal frequencies
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Doodson phases and tidal analysis

Table 3.2 Basic astronomical periods and frequencies

Period Frequency Angular speed
f o
cycles per degrees per Symbol in
mean solar mean solar rate of Rate of change
year hour radians of
Mean solar 1.00 mean solar days 1.00 15.0000 Wy C.
day
Mean 1.0351 mean solar days 09661369 144921 W C
lunar day 6
Sidereal 273217 mean solar days 00366009 0.5490 w5 5 W = E i—1 d i
month
Tropical 365.2422 mean solar days 0.0027379 0.0411 W5 h
year
| | | Vi = (dw;)(t —to) + ¢
Maoon’s 8.85 Julian years 0.0003093 0.0046 Wy p
perigee
Regression 1861 Julian years 0.0001471 0.0022 Ws N
of Moon's
nodes
Perihelion 20542 Julian years — We p

2
TUDelft Book: Sealevel science, Pugh and Woordworth 5-10-2025 9



Compound tides and over-tides

Oth + 0.(Hu) + 0,(Hv) =0
Oy(Hu) + 8:(Hu?) + 8,(Huv) — fHv + gH8,h + ku|(u,v)| = 7:/p — HO:p,
0y(Hv) + 0,(Hwv) + 8,(Hv*) + fHu + gHO,h + kv|(u,v| = 7,/p — HY,

Non-linear interactions Example
cos(a)cos(f) = %(cos( B) + cos(a — B)) m
cos(a)szn(ﬁ) _ %(Szn( ) o Sin(a - 5)) 200000 28.9841

S2 22-2000 30.0000

MS4 42-2000 589841
—> Include multiplication in network layer

TUDelft https://iho.int/mtg_docs/com_wg/IHOTC/IHOTC_ Misc/TWCWG_Constituent_list.pdf 5-10-2025 10



Tide results test
Station HOEI(VHLD RMSE=0.20428242
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DCSM7
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Waterlevel=tides+surge+interaction

Doodson
phases

é—» waterlevel
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Air-pressure
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Forcing by wind and air pressure

0:h + 0,(Hu) + 0,(Hv) =0
0y(Hu) + 8;(Hvu?) + 8,(Huv) — fHv + gH8:h + ku|(u,v)| = 7./p — HO:pa
0y(Hv) + 8,(Huv) + 8,(Hv?*) + fHu + gHO,h + kv|(u,v| = 7,/p — HOyp,

* 9

]
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Storm-surge locations

TUDelft 5-10-2025 15



Results testing
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lTest storm
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GNN surrogate ML model
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A Graph Neural Network for tides & storm-surges

Latents

GNN

seme==mesTesceaL,
-

TUDelft
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Extra slides for questions
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Tide results training

* Training
« 1-1-2008 — 1-1-2011
« 317 stations

« Testing
« 1-1-2011 - 1-1-2012
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Loss

Surge results training

Station VLISSGN RMSE=0.118392624
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Waterlevel=tides+surge+interaction

Doodson
phases

é—» waterlevel

Wind &
Air-pressure
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Non-linear interaction training
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Non-linear interaction testing

Station HOEKVHLD RMSE=0.12170603
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